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Extracellular ATP is a signaling molecule which plays an important role in 
alerting the immune system in case of any tissue damage. Recent studies show 
that binding of ATP to the ionotropic P2X7 receptor of inflammatory cells 
(macrophages and monocytes) will induce caspase 1 activation. Stimulation of 
caspase 1 activity results in maturation and release of IL-lp in the 
inflammasome in Chronic Obstructive Pulmonary Disease (COPD) patients. 
COPD is an inflammatory disease characterized by emphysema and / or chronic 
bronchitis and is mostly associated with cigarette smoking. It is one of the 
leading causes of death in humans and there is currently no medication to stop 
the progression of disease. A deeper understanding of the mechanism by which 
the P2X7 receptor triggers IL-lp maturation and release, may open new 
opportunities for the treatment of inflammatory diseases such as COPD. 
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INTRODUCTION 

P2X7 is a ligand-gated acid sensing ion channel (ASIC) 
receptor with 240 amino acid C-terminal domains (1, 2). 
The receptor is involved in interaction with other proteins 
and forms part of a multi-protein signal complex (2). The 
P2X7 receptor is proposed as an important therapeutic 
target in inflammation, pain and shock (2, 3). Activation of 
the P2X7 receptor by ATP through down-stream 
intracellular signaling pathways (4) can regulate 
inflammation by triggering changes in cell morphology 
after agonist exposure (5-7). Thus, extracellular ATP can 



act on inflammatory tissue as a danger signal which alerts 
the immune system (4, 8, 9). 

P2X7 receptor activation by ATP stimulates caspase-1 
activity which, in turn, leads to the regulated release of the 
cytokine inter leukin-1 (IL-1(3) from phagocytes and 
macrophages (7, 10, 11). Studies proved that P2X7 
receptors have a supportive pro-inflammatory role in 
immune mediated reactions. For example, triggering of 
P2X7 receptors by ATP abolishes the maturation and 
exteriorization of IL-ip proteins in macrophages (2, 8). This 
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suggests that P2X7 receptors are a potential therapeutic 
target in many inflammatory diseases. 

IL-lp is one of the major cytokines involved in the 
activation and persistency of inflammation (12). Different 
studies have shown that IL-lp expression is enhanced in 
patients with chronic obstructive pulmonary disease 
(COPD) and asthma (13). Furthermore, elevated levels of 
IL-lp in COPD are associated with exacerbation of the 
disease (14). Human bronchial epithelial cells produce 
more IL-ip in smokers with COPD compared to 
nonsmokers (13, 15). In this review we examine the 
evidence for the P2X7 receptor as a potential therapeutic 
target for pulmonary diseases like COPD and asthma. 
ATP (Extracellular communication) 

In addition to its role as a source of chemical energy in 
the body, the purine nucleotide adenosine 5' triphosphate 
(ATP) is an active membrane transporter, a 
neurotransmitter and an important signaling molecule (16). 
Recent studies (17) demonstrate that there are two types of 
receptor (P2X and P2Y) for extracellular ATP. Extracellular 
ATP induces a large variety of responses in the body, 
including activation of receptors known as P2 (purinergic 
membrane receptors) (18). Purinergic receptors are 
activated by ATP in different scales of time and distance. 
As a consequence, purinergic receptors are classified as 
'slow' P2Y and 'fast' P2X receptors (19, 20). 

P2Y receptors are G protein-coupled receptors and at 
least 15 members of this family exist (P2Y1-P2Y15). 
Because of the wide metabolic changes by these receptors 
they are commonly called metabotropic receptors (16). 
ATP is secreted in the CNS (basal nuclei) and PNS (dorsal 
root ganglion neurons) and P2Y responses are activated 
when ATP is released from the ganglion neurons. P2Y 
activation leads to intracellular Ca 2+ release in juxtaposed 
Schwann Cells (17). 

The P2X ion tropic receptors, also called ligand gated 
ion channels (channel linked-receptors), comprise seven 
members (P2X1-P2X7) (2). When the receptors are ligand- 
bound they change their shape which allows ions to pass 
through the channel. P2X receptors are located close to the 
site of neurotransmitter release and open instantly when 



ligand binds (16). Activation of P2XR leads to an increase 
in the intracellular calcium (Ca 2+ ) concentration and 
activates several intracellular processes (21). 
P2X receptors 

The P2X receptors are comprised of 379 to 595 amino 
acids and have two transmembrane segments. A total of 
50% to 70% of the receptor is composed of an extracellular 
loop. The C-terminal of P2X7 has the largest extracellular 
loop of all the family members consisting of 240 amino 
acids. Because of the large C-terminal loop the receptor can 
interact with other proteins to form a multi-protein 
signaling complex (2). Figure 1 depicts the P2X subunit 
structure and function. The ATP binding site is localized in 
the cysteine-rich extracellular loop of the P2X receptors 
(17). 




Figure 1. P2X7 receptor structure within the cell membrane 
= Cysteine links; TM= Transmembrane 

Activation of P2X receptor by ATP increases the 
receptor membrane pore permeability and leads to an 
influx of Na + , K + and Ca 2+ ions (23). This will depolarize 
the cell and generate an action potential that, in turn, 
modulates a wide range of cellular processes (24). Due to 
the juxtapositioning of the receptor with the sites of rapid 
transmitter release cellular activation can peak in less than 
10 milliseconds (23, 24). Knockout of the P2X7 receptor 
results in an attenuated response of cells to ATP with 
respect to intracellular Ca 2+ response (25). 
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Binding of ATP to the P2X7 receptors of inflammatory 
cells (macrophages and monocytes) will open the rapid 
potassium-selective channels. Activated P2X7 receptors 
stimulate the hemi-channel pannesin-1, which leads to 
opening of a coupled larger receptor-associated pore (26, 
22) which is critical for caspase-1 activation and hence in 
IL-ip maturation and release (27, 28). 
P2X7andIL-ip 

Activation of P2X7 receptors on inflammatory cells 
induces caspase 1 activity. Caspase-1, also known as IL-ip 
converting enzyme (ICE), belongs to the nine cysteine 
proteases family and stimulates the intracellular processing 
of IL-ip (29). IL-ip is a key mediator of the host response to 
infections and inflammation (30). Cysteine proteases are 
mostly involved in mediating programmed cell death 
(apoptosis) through promoting the cleavage of critical 
intercellular proteins. Caspase-1 is the only member of the 
cysteine protease family that is also involved in the 
inflammatory response through cleavage of the IL-1(3, IL- 
18 and IL-33 precursors (26). As stated above, caspase-1 
activity is enhanced by P2X7 and hemichannel pannesin-1 
stimulation. Inhibition of the hemichannel pannesin-1 
blocks the activation of caspase-1 reaction even in presence 
of potassium efflux suggesting that K + depletion alone 
does not induce caspase-1 activation (28, 31). 

Activation of caspase-1 stimulates oligomerization of 
the cryopyrin/NALP3 inflammasome through its caspase- 
1 recruitment domain (CARD) (26). CARD is the amino- 
terminal sequence of nucleotide-binding and 
oligomerization domain (NOD)-like receptors (NLRs). This 
process is depicted in Figure 2. 
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Interaction of pro-caspase-1 with NALP3 activates an 
autocatalytic reaction that stimulates the IL-ip maturation 
and release from inflammatory cells (17, 26). Studies 
suggest that P2X7R opening causes a drastic change in K+ 
homeostasis which has an important role in IL-ip 
maturation (8, 32). However, as mentioned above, this 
process is likely to be more complex since the release of IL- 
lp is triggered by other intracellular ions e.g., Ca 2+ (32, 33). 

Externalization of IL-lp has been investigated and 
proposed in a model by Surprenant et al. (34). In this 
model IL-ip is packaged into small plasma membrane 
blebs (microvesicles) which are released into the 
extracellular space. Microvesicles will be produced in cells 
stimulated via the P2X7 receptor (34, 35). The microvesicles 
express several markers including P2X7R itself. But the 
question how mature IL-lp gets through the microvesicle 
membrane remains to be elucidated. Studies indicate that 
enhanced release of IL-lp occurs at sites of high ATP 
expression (36). Exposure of microvesicles to ATP activates 
the P2X7 receptor leading to microvesicle lysis and IL-ip 
release into the extracellular space where it can activate IL- 
ipRs (8, 37). Figure 3 shows the pathways for the cleavage 
and release of IL-ip following stimulation by P2X7. 




— 1 
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Figure 2. The multi-protein structure of the Inflammasome contains caspase-1 
and NALP3. 



Figure 3. Pathways for cleavage and release of IL-1 13 following stimulation by 
P2X7. Aggregation of the inflammasome components ©. Inflammasome 
localized (D. P2X7 activation leads to K+ efflux and loading of inflammasome 
components (e.g. IL-1 p) and IL-1 p maturation (D. Secretion of lysosome content 
via a P2X7 K+ efflux and increase of Ca2+ ©. Budding of microvesicles that 
contain some of inflammasome components (e.g. IL-1 p), IL-1 p maturation ©. 
Microvesicles are released into the extracellular space ©. 
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IL-1/3 and COPD 

COPD is an inflammatory disease of the airways. It can 
be exemplified by chronic bronchitis and obstructive 
emphysema. High levels of IL-ip have been reported in 
induced sputum and BAL fluid of COPD patients (38) and 
a COPD-like phenotype consisting of lung inflammation 
and airway fibrosis has been displayed in mice over- 
expressing IL-ip in the lung epithelium (39). Furthermore, 
recent in vitro and in vivo models of COPD demonstrate 
increased ATP levels (40). El torn et al. investigated whether 
modulation of P2X7 activation attenuated cigarette smoke 
(CS)-induced inflammation and caspase-1 activity. A 
correlation between markers of P2X7/inflammasome 
pathway activation and airway inflammation was shown 
in a 3-day CS model in vivo and this was blunted by both a 
P2X7 inhibitor and in a P2X7 knockout mouse (41). 

Elthom and colleagues demonstrated that P2X7V- mice 
failed to increase caspase -1 activity and IL-ip expression 
in the airway to the same extent as wild-type mice 
following CS exposure (41) providing strong evidence for 
an important role of the P2X7 receptor in CS-induced 
airway neutrophilia. 

The same authors also examined whether P2X7 is 
important in modulation of an inflammatory response in a 
chronic CS-induced COPD model (41). These authors 
reported an increase in both caspase -1 activity and IL-ip 
levels in this chronic CS-exposed model. Furthermore, this 
increase in IL-lp expression and caspase-1 activity 
correlated with an increase in lung macrophages and 
neutrophils (41). 

To investigate if the results observed in the pre-clinical 
murine CS-model could be translated into the human 
disease, caspase-1 activity in the lung tissue of non- 
smoking, smoking and emphysematous patients 
undergoing surgery for lung cancer was examined (41). 

Caspase-1 activity was increased in the lungs of 
smokers and in patients with emphysema mimicking the 
responses seen in the pre-clinical models. 



Perspectives 

In the past few years, there has been an increase in the 
number of studies investigating the pathophysiology of 
airway inflammation in COPD. This has led to a greater 
understanding of the disease and the pathways behind this 
complex disorder. The results from more recent studies 
advocate a critical role for ATP, P2X7 and IL-ip in CS- 
induced lung inflammation. 

Because of the significant role of P2X7 in the 
inflammasome pathway, it is important to understand the 
physiological role of these receptors. Finding a link 
between purinergic signaling and the inflammasome 
pathway in disease is challenging. However, this can help 
us to create opportunities for a whole new therapeutic 
class of drugs that will suppress lung inflammation. 
Hereby P2X7 receptors can be considered as an important 
therapeutic target in COPD patients. 
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